The progesterone receptor (PR) gene plays an important role in reproduction-related events. Data on polymorphisms in the PR gene have revealed associations with cancer, particularly for the Alu insertion polymorphism, which has been suggested to affect progesterone receptor function and contribute to tumor promotion in the mammary gland. Material and methods: We examined the role of the Alu insertion polymorphism in the PR gene by comparing the genotypes of 209 healthy Mexican women with those of 481 Mexican women with breast cancer (BC). Results: The genotype frequencies observed in the controls and BC patients were 0% and 4% for T2/T2 (Alu insertion), 16% and 21% for T1/T2, and 84% and 75% for T1/T1 (Alu deletion), respectively. The obtained odds ratio (OR) was 1.7, with a 95% confidence interval (95% CI) of 1.1-2.6, p = 0.009, for the T1/T2-T2/T2 genotypes. The association was also evident when the distributions of the T1/T2-T2/T2 genotypes in patients in the following categories were compared: obesity grade II (OR = 1.81, 95% CI: 1.03-3.18, p = 0.039) and the chemotherapy response (OR = 1.91, 95% CI: 1.27-3.067, p = 0.002). Conclusions: The T1/T2-T2/T2 genotypes of the Alu insertion polymorphism in the PR gene are associated with BC susceptibility in the analyzed Mexican population.
Introduction
Breast cancer (BC) is one of the most common diseases in developing countries and around the world. It is estimated that there are millions of symptomatic women affected by BC and millions more who are currently asymptomatic who will develop cancer [1] . The incidence rates of cancer vary in different ethnic groups [2] . In many countries, particular-ity in Mexico, the incidence of BC has increased within the last 7 years, and it is now one of the main causes of death of working age women [3] . The state of Jalisco exhibits one of the highest mortalities associated with BC, and only 10% of all cases of BC are detected at stage I [4] . Breast cancer is considered to be a multifactorial disease and might result from a combination of abnormal gene interactions and environmental factors [5, 6] . Previous research has implicated a variety of risk factors in BC, including age, early or late menarche, menopause, oral contraceptive use, breastfeeding, ethnicity and genetics [7] [8] [9] .
Therefore, elucidating genetic variants among different ethnic groups could contribute to explaining the progression of cancer as well as the chemotherapy response.
The human progesterone receptor (PR) gene, which is located on chromosome 11q22-23, comprises eight exons and seven introns (A-G). This gene encodes two isoforms, which are identical except for 165 additional amino acids found at the N-terminus of the B isoform. These isoforms regulate the biological action of progesterone: isoform A inhibits activation of the PR, while isoform B activates it [10, 11] . The PR gene exhibits several reported polymorphisms, one of which is designated the PROGINS haplotype and includes an Alu insertion in intron G, a G/T substitution in exon 4 (rs1042838), and a silent C/T substitution in exon 5 (rs1042839). These PROGINS polymorphisms are in complete linkage disequilibrium ( Figure 1 ) [12] . The Alu polymorphism consists of a 306 bp insertion in the G intron located between exons 7 and 8 of isoform A of the PR gene in humans [13] . Although the biological impact of the Alu insertion polymorphism is not clear, it has been suggested that it might lead to aberrant gene transcription, resulting in an inability of the hormone receptor to bind progesterone and subsequently become activated, with a consequent reduction of the activity mediated by progesterone. Progesterone participates in the regulation of gene expression and affects cellular proliferation and differentiation in its Figure 1 . The human PR gene contains eight coding exons and seven non-coding introns (A-G) encoding the PR-A and PR-B isoforms. The PR-A isoform is identical to PR-B, except that the PR-B isoform exhibits 165 amino acids in the amino-terminal region that form the third transactivation domain (AF-3). Exon 1 and part of 2 encode the A/B region, which contains the PR-B-specific transactivation domain AF-3, while AF-1 is found in both PR-B and PR-A. The inhibitory domain (ID) region is PR-A specific. The C region forms the DNA-binding domain (DBD); each of exons 2 and 3 encodes one zinc finger. The D region is encoded by exon 4 and part of exon 3 and forms the hinge region responsible for the nuclear location signal. The E region is encoded by exons 4 to 8 and contains AF-2 and the hormone (ligand)-binding domain. PR-C lacks the DBD, AF-3 and AF-1 regions. An amino-terminally deleted PR protein is predicted to result from the alternative initiation of translation at a methionine at position 595. The Alu insertion polymorphism interferes specifically with the PR-A isoform [14, 39] target tissues. Therefore, PR gene deficiency may have a potential impact on oncogenesis [14] . Studies have found variability in the allelic frequency of the Alu insertion in the PR gene among different ethnic groups. In Caucasian Europeans from different regions (Finland, Sweden, Hungary, France, and Spain), a high frequency of 11-24% has been observed, and a frequency of 21% has been detected in US Caucasians. A low prevalence (3-9%) has been found in Asians and inhabitants of the Pacific Islands, Chukchi Coast, Bangladesh, Kungurtug, the Himalayas, and Pakistan as well as in Mexican Mayas from the state of Campeche (3-6%). The Alu allele was not observed in Africa (Cameroon, Senegal) or Oriental Asian countries (China, Japan) [12] .
The PR gene Alu insertion has been studied in various pathologies, including endometriosis [13] , and uterine, ovarian and breast cancers [15] . However, several of the studies examining the association between the Alu insertion and BC did not reveal any statistically significant association [16, 17] .
Because the evidence is contradictory, the aim of this study was to determine whether there is an association between the Alu insertion polymorphism in the PR gene and BC in Mexican women.
Material and methods
DNA was extracted from peripheral blood lymphocytes from blood samples collected from 209 healthy women recruited as volunteer blood donors using standard protocols [18] . These volunteers were not matched by age with the patient group. Blood samples were also collected from 481 patients with a clinical and histological diagnosis of BC from June 2010 to October 2012. All of the individuals included in this study were residents of the metropolitan area of Guadalajara. All samples were obtained after a written informed consent form was signed, which was previously approved by ethical committee 1305 of the Centro de Investigación Biomédica de Occidente, Instituto Mexicano del Seguro Social (IMSS). This study was conducted respecting national and international ethical standards. Efforts were made to ensure that siblings of individuals who had already been sampled were excluded. Clinical and demographic data were obtained using written questionnaires. All of the patients were also interviewed to determine their occupational exposure and use of pharmacological therapies. The BC patient database and their DNA samples were examined for other polymorphisms [5, 6] .
Amplification of the Alu insertion polymorphism in the PR gene was performed via PCR using the following primers: 5'-GGC AGA AAG CAA AAT AAA AAG A-3' and 5'-AAA GTA TTT TCT TGC TAA ATG TC-3' [10] . The PCR amplifications were performed in a total volume of 15 μl containing 0.2 mM dNTPs (Invitrogen, Carlsbad, CA USA), 5 pM of primers, 1.5 mM MgCl 2 , 2.5 U of Taq polymerase (Invitrogen, Carlsbad, CA USA), and 50 ng of genomic DNA. The PCR conditions were as follows: 95°C (4 min), followed by 35 cycles at 95°C (1 min), 55°C (1 min) and 72°C (1 min), with a final extension at 72°C (7 min). Using this procedure, two fragments of 178 and 479 bp were obtained. To allow allelic discrimination, the amplified products were separated in 6% polyacrylamide gels (29 : 1), followed by silver staining [19] . We determined that observing the 178 bp fragment alone represented the wild-type genotype (T1/T1, deletion), while two fragments at 178 and 479 bp indicated the heterozygous genotype (T1/T2), and a single fragment of 479 bp represented the homozygous insertion genotype (T2/T2) ( Figure 2 ).
Statistical analysis
Allele frequencies were obtained by direct counting. Hardy-Weinberg equilibrium was tested using a goodness-of-fit c 2 test to compare the observed genotype frequencies to the expected frequencies among control subjects. Odds ratios and 95% confidence intervals (CI) were also calculated. A two-sided p < 0.05 was considered to be statistically significant. All statistical analyses were performed using PASW Statistic Base 18 software, 2009 (Chicago, IL).
Results
The comparative epidemiological data from the BC patients and the control individuals are shown in Table I . In the patient group, the average age Table II provides the general clinical characteristics of the patient group. We observed that 25% of the patients exhibited diabetes mellitus (DM)-arterial hypertension (AH); 21% presented breast fibrosis-myomatosis-hysterectomy; 65% were positive for estrogen receptor; 89% displayed ductal histology; and 59% exhibited stage III-IV tumors.
Additionally, approximately 19% of the patients presented high levels of serum glutamate oxaloacetate transaminase (SGOT), and more than 20% showed high levels of alkaline phosphatase (ALP), g-glutamyl transpeptidase (GGT) and glucose. Table III The genotype and allele frequencies of the PR gene Alu insertion polymorphism were different in the control and patient groups (Table IV) . The T1/T1 genotype was observed in 75% (360/481) of patients, compared to 84% (176/209) of the controls. The heterozygous genotype (T1/T2) was observed in 21% of the patients (103/481) and 16% (33/209) of the controls (OR = 1.4, 95% CI: 0.95-2.2, p = 0.08). The polymorphic genotype (T2/T2) was observed in 4% (18/481) of the patients and was not found in the control group (OR = 8.1, 95% CI: 1.08-61.2, p = 0.01). The genotype distribution in the control group was in Hardy-Weinberg equilibrium. All of the samples were analyzed, and all of the participants' genotypes (for 209 controls and 481 BC patients) were obtained. Table V shows that the T1/T2 and T2/T2 genotypes were associated with obesity grade II (OR = 1.81, 95% CI: 1.03-3.188, p = 0.039) and non-response to chemotherapy (OR = 1.98, 95% CI: 1.27-3.06, p = 0.002), and the variables listed in Tables I and II were found to be risk factors.
Discussion
Breast cancer is a multifactorial disease with a complex etiology and is considered a major public health problem in industrialized countries. In Mexico, the incidence of BC has increased over the last decade, and it is currently one of the leading causes of death in working age women [3] [4] [5] [6] . These facts are consistent with the observations made in the current study, where the average age of BC patients was 53.64 ±11.8 years, and oral contraceptive use, abortion, breastfeeding > 6 months and menopause were found to be risk factors. Multiple studies have previously observed these associations [5, 6, [20] [21] [22] .
In this study, breastfeeding was recorded in 67% of the patients, in contrast with 58% of the controls, which made it a risk factor. However, when breastfeeding was classified by the duration of lactation, contradictory results were obtained, most likely due to differences in the lifestyles and mean age of the control group subjects [23] .
When the group was stratified by tumor stage as showing either stage I-II or III-IV, followed by comparison with the clinical and biochemical characteristics of BC, an obesity grade of II-IV, metastasis to the lymph nodes, metastasis, non-response to chemotherapy, and high levels of LDH emerged as risk factors. In this context, genetic variants have been previously associated with prognostic markers such as tumor stage and metastatic nodules [24] .
When we adjusted the study groups according to the body mass index (BMI) of the participants, we observed that obesity II-IV was a risk factor in the stage III-IV BC patients. Several theories have been put forth in an attempt to explain this association. These theories involve the roles of leptin, insulin and other molecules that mediate the inflammatory process independently of estrogen. In addition, peripheral circulating estrogens (arising from the aromatization of androgens) are elevated in obese postmenopausal women. Another current hypothesis proposes that obesity is associated with metabolic syndrome, which activates mitogenic molecular processes in breast epithelial cells and stimulates neoplasia. A third hypothesis suggests that adipocytes and the autocrine mechanisms involving proinflammatory cytokines in these cells are important for BC development [5, 6, 21-23, 25, 26] .
Additionally, the presence of lymph node metastases and non-response to chemotherapy emerged as risk factors in stage III-IV BC patients. The chemotherapy response depends on several factors, including the presence of metastatic nodes, tumor markers, menopause, time of diagnosis, tumor stage, and treatment resistance. Adjuvant chemotherapy can induce persistent resistance to these drugs under longer exposure, and anthracyclines have achieved longer times to progression and survival times compared to cyclophosphamide/methotrexate/5-fluorouracil-based chemotherapy [5, 6, 27, 28] . [5, 6] . ***Cochran-Armitage test. Other associated factors included high LDH expression, which was indicative of a poor response in patients with later stages of BC, as previously reported in BC from Mexican, Caucasian (USA) and Serbian populations [5, 6, 29, 30] . Thus, hormone receptor-positive tumors are more likely to relapse to bone, showing a better outcome in comparison to estrogen receptor-negative tumors, which are more likely to relapse to the brain and exhibit unfavorable outcomes. Another factor that may influence the response to chemotherapy is menopause, which is associated with a less favorable response. Because each predictor can be useful in predicting survival, several studies have reported prognostic indices of survival for patients with BC [5, 6, 30] .
Advances in molecular and genetic epidemiology have increased our knowledge of the mechanisms underlying breast carcinogenesis and the relationships between exposure to carcinogens, diet, and individual genetic variations in relation to susceptibility. Gene polymorphisms with a low penetrance have also been found to be risk factors in BC [5, 6, 31, 32] .
Progesterone metabolism has been proposed to be a contributing factor via progesterone binding to specific DNA sequences and acting as a transcriptional factor for target genes. The action of progesterone is mediated by the PR gene. Binding of progesterone to its receptor results in a complex activation cascade, beginning with conformational changes, protein phosphorylation, dissociation from heat shock proteins, and dimer formation, finally leading to nuclear transport of the active protein-progesterone complex [33] . The insertion of an Alu sequence in intron 7 of the PR gene was first described as part of the PROGINS complex, and it has been observed that this variant acts as a risk factor in several types of progesterone-dependent cancer, such as endometrial, ovarian and BC [7, 10, 11, 13, 15] .
We observed similar allele frequencies of the Alu insertion polymorphism in our control group to those previously reported in Mexico (Mayas from the state of Campeche, Yucatan Peninsula) [34, 35] . However, little is known about the association of this polymorphism with BC. In this study, the allelic frequency (T2) of the Alu insertion polymorphism was 0.08 in controls and 0.15 in BC patients with associated risk factors. Several authors have studied the PROGINS region, although they have not analyzed the same markers, and the studied groups have had different compositions (e.g., regarding menopause, tumor stages, ethnic backgrounds, ages). Consequently, there are conflicting results regarding this association, with several studies observing a decreased risk of BC in association with the Alu insertion polymorphism [36] [37] [38] [39] , whereas Chambo et al. [36] detected a trend towards an association between the PROGINS polymorphism and dense breasts in 123 BC postmenopausal Brazilian patients who were not on hormone therapy and displayed no clinical or mammographic breast alterations. Additionally, it has been found that the presence of both a wild-type PROGINS and mutated CYP17 genotype resulted in a 4.87 times higher risk of exhibiting dense breasts (p = 0.030).
Wang-Gohrke et al. [37] reported that risk was decreased in women carrying the PROGINS allele in 554 BC patients and 559 age-matched controls with ages of 51 years or younger in the Rhein-Neckar-Odenwald and Freiburg study regions (Germany), suggesting a gene dosage effect of the A2 allele. Furthermore, there is suggestive evidence of differential effects based on menopausal status and family history of BC.
Wasserman et al. [38] detected an association of PROGINS A1/A1 and other AIB1 LG genotypes in postmenopausal, obese patients with BC in the Women's Healthy Eating and Living (WHEL) study of a Caucasian population.
Govindan et al. [15] found an association of the T2 Alu insertion polymorphism of the PROGINS gene in 157 cases of breast cancer in an Indian population. However, other studies on BC in Caucasian populations (New Orleans and State of California) have found no such association [34] .
It has been suggested that the Alu insertion polymorphism may affect ligand and hormone binding properties and hence increase transcription activity for mutated transcripts and reduce the response to progesterone by affecting gene expression and mRNA stability. These effects could repress estrogen receptor activation and contribute to estrogen-related tumor promotion in the mammary gland and may have an impact on BC oncogenesis [33, 37] .
In this study, we also observed an association of the T1/T2-T2/T2 genotype as a risk factor in patients showing obesity grade II (BMI 35-39 kg/ m 2 ) and no chemotherapy response. Weight gain in women with postmenopausal BC in industrialized countries has a significant impact on health [5, 6] . The relationship between obesity and BC is complex and has been associated with factors including genetic predisposition, social class, exercise, alcohol consumption and diet [5, 6, 38] . Several studies have also observed that obesity is associated with an increased risk of developing BC, including showing associations with postmenopausal status, increased mortality when the BMI is increased by > 40 kg/m 2 [39, 40] , the presence of lymph node metastasis and developed metastases [6] , and poor prognosis in both preand post-menopausal BC patients [39] . Esfahlan et al. [39] studied in an Iranian population the relationship between steroid receptor status and body weight in 70 BC patients and concluded that obesity could play a significant role in estrogen receptor gene expression as well as affecting the progression and proliferation of BC cells. Several hypotheses have been proposed to attempt to explain this association, which influences tumor growth and BC prognosis. It has been suggested that the aromatization of estrogen and andro-gens is greater in obese postmenopausal women than in non-obese women, and this increase could stimulate tumor growth and adversely affect patient prognosis. The adipose tissue of obese women is known to secrete high levels of active estrogen, stimulating mammary epithelial cell mitosis and promoting the development of tumors. In fact, the most likely scenario is that all of these mechanisms may work together to explain the relationship linking menopause and subsequent weight gain in BC [5, 6, 39, 40] . The results observed in this study are most likely due to both prolonged exposure to estrogens and nutritional status [38] [39] [40] [41] .
We also observed an association of the T1/T2-T2/T2 genotypes of BC patients and non-response to chemotherapy. However, there are no available studies addressing the influence of the T1/T2-T2/ T2 Alu insertion of the PR genotype and the response to chemotherapy in BC patients. Progesterone metabolism can likely influence the chemotherapy response, in addition to other factors, such as the known presence of metastatic nodes, tumor markers, menopause, the time of diagnosis, tumor stage, and treatment resistance [5, 6, 28] . This response may be affected by polymorphisms in the PR gene that can cause an increase in PR activity, producing changes in DNA and subsequently participating in neoplastic progression.
In conclusion, our results show that the frequencies of the homozygous and heterozygous genotypes of the Alu insertion polymorphism in the PR gene are significantly different in control vs. BC patients. The differences were most evident in patients showing obesity grade II, and the chemotherapy response may contribute significantly to BC susceptibility in the analyzed sample from a Mexican population. Nevertheless, further studies are required to confirm or reject these observations.
